BOAT .« BUILDING

Effects of Various Canopy Configurations on Vessel ETHAN ALLEN’s Ability to Satisfy
USCQG Stability Standard

November 1, 2005

Summary
The data presented in this analysis demonstrate that the 1989 modification to the canopy of the ETHAN
ALLEN resulted in a substantially safer vessel according to the USCG stability standard.

Background

Scarano Boat Building, Inc. (SBI), on October 5, 2005, conducted a USCG Simplified Stability Test and
Inclining Analysis on the De Champlain, sister ship of the Ethan Allen. The NTSB requested the test as part of
its investigation into the October 2, 2005 capsize of the Ethan Allen in Lake George, NY. In addition to other
factors, the NTSB has noted that the canopy was modified in 1989 after the boat’s arrival in NY and has shown
interest in the effect of this modification on the stability of the vessel.

SBI has examined the photographic record of the original metal and canvas canopy and developed weights and
elevations for the pipe frame using all of the possible framing materials (steel, awning tube and aluminum). See
Figure 6. This data was used to determine the vessel’s weight and center of gravity (CG) for each
configuration. The effect of each of the possible prior canopy configurations along with the current
configuration was examined for both its effect on righting moment and the USCG Simplified Stability Test
Standard (available righting moment (RM) at 14 heel angle.)

The USCG Simplified Stability Requirement (as adopted by N'YS) requires that at a 14° heel angle, the vessel
with the original (pre 1989) canopy resist greater of 15,166 ft-Ibs from the effects of wind heel or 11,659 ft-Ibs
from passenger heeling moment, whichever is greater. The requirement for the post 1989 canopy is to resist the
greater of 12,565 ft-Ibs (wind heel) or 11,659 fi-1bs for passenger heel. The reduced requirement is the result of
the post ‘89 canopy being 1.25f. lower. (See attached Canopy Relative Heights Sketch, Appendix 7).

Results

In order to put the effect of the canopy modification into perspective, the results are presented for both a
hypothetical vessel that had the stability required by the standard and the actual vessel that demonstrated about
half of the required stability when tested. Figure 1 presents the required and available RMs for the vessels
before and after the canopy modification. RM data is presented for all three of the possible original pipe canopy
frame materials since the material of construction has not been identified at this point.
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Table 1

1989 Modification

Modified Canopy

Original Canopy
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Table 1 is a spreadsheet of more complete RM data for the hypothetical and actual vessel. This data
shows the RM effect of the canopy modification had the original canopy been fabricated of Sched. 40
steel pipe framing, 14ga. steel pipe framing or aluminum framing.

Explanation of Data in Table 1

Six rows of data are shown. These give the Righting Moment data for the six possible conditions
examined which are the three original canopy materials on the hypothetical vessel having the required
stability and the actual vessel.

Required Righting Moment:

The Required Righting Moment is taken from the USCG Simplified Stability Test. It is the greater of the
required Wind Heel and the required Passenger Heel. The required RM for the original canopy was
15,166 (greater of 15,166 Wind Heel and 11,659 Passenger Heel). The required RM for the modified
canopy is 12,565 (greater of 12,565 Wind Heel and 11,659 fi-lbs Passenger Heel.

Available Righting Moment:
o Hypothetical vessel pre '89: Defined to be 15,166 ft-1bs
s Hypothetical vessel post: *89: 15,166 plus or minus the calculated effect of the modified canopy.
See next paragraph.
e Actual vessel pre *89: Post 89 (current config. Measured RM) plus or minus calculated effect of
modified canopy.
e Actual vessel post *89: Actual measured value (from Simplified Stability and Inclining Analysis).

Calculated Effect of Modified Canopy:

This is the difference between RM of the Actual vessel in the final configuration minus the RM of the
vessel in the original configuration. Referring to Table 1, for an original S40 steel frame canopy, for
example, the effect of the modification is 6179 - 5881 =+298 fi-1bs. In other words, the available RM
was increased by 298 ft-lbs. If the original canopy had been 14ga steel frame, the modification decreased
the RM by 163, if aluminum the modification would have reduced the RM by 957 fi-1bs

Required Wind Heel:
This is calculated according to the method in the Simplified Stability Test.

Required Passenger Heel:
This is calculated according to the method in the Simplified Stability Test.

The data shows that a vessel that actually possessed the stability to be certificated to the USCG Standard
would not have been compromised by the 1989 modification of the canopy. In fact, the data shows that
the modification would have resulted in a safer vessel according to the rule.



Heel Analysis:

Loading condition for each analysis was adjusted for various possible canopy configurations. Tankage
and passenger weights were included to simulate Simplified Stability Test loading condition. Each
Illustration demonstrates vessel’s available RM at USCG Simplified Stability Test 14" maximum heel
angle.

Loading condition showing existing canopy separated from Lightship characteristics to allow for various
canopy configurations to be analyzed is shown below:

Dl lnpornccanopyopion:. | X

item Name Quantity Weight Long.Arm VertArm | |
' 1 Ib ft ft i

1 Lightship % 1  1e22 23269 5400

2 canopy -1989 1 1930 23.350]  11.360

3 canopy-pre 1989 sched 40 st 0 1831 23350 12250

4 canopy-pre 1989 14 ga awn pip. 0 1515 233500 12.060

5 canopy-pre 1989 sched 40 alu 0 7825 12.190

G fuel - 0 5340 3000 —

7 tgétwt {passenger load) B 0 E 67200 ”-2'2“010‘0»@ v 8. 500 ;

B ’ . Total Weight=___ 13552 LCG=-23.281 VCG=6.249 -

Hlustration

tom Hams Quantity Walght | Longfiem VortAnm | »
ih ft it

Lightalip i 11622 -22.350 5400
canopy -1908 T Uygae T 23350041360
canopy-pre 1983 schad 40 st i::m 1031 -23.350 12.250°
cunopy-pra 909 14 ga awn pip o] 1515 21350 12.060
canopy-pro 1969 sched 30 alu ] 7025 21350 12.150
fusl 1 510 -17.750 3.000
tast wi (passangor load) 1 8720 -22.000 8500
Tainl Wolght= 20005 LCG-22.212 VCG~5.693 |

5 X 10 125 15
Hesl to Starboard  deg.
GZ= 02971 Heel lo Starboard = 14.000 deg Area (fmm zaro hesl

Heel Analysm showmg 297(’)0 806le) 6,179 ft-lbs RM at 14 deg with post 1989 Canopy



Tllustration #2
LR

Itam Hama

o SR =
Quanity Weight ' ! Vert.Amn
b [ L]

Lightahip 1 11622 5400
canapy 1509 0 1920 23,350 11.360

13 canopy-pra 1909 sched 44 st 1 1634 -22.350 12250
canopy-pro 1909 14 gz awn pip [ 1518 23350 12.060
canopy-pro 1983 sched 40 alu 0 /25 -23.350 12.150
hual ) 1 510 e 3000
tast wi {pascenger foad) 1 6120 D508

Total Wnlnht-

IDIOI LCG'-IZ.ZDS VCG-E.SSO -l
e 3

:

o
)

P SO SO,

7.5 1aQ
Hael {o Starboard deg.

GZ= 0.2841 Heel o Starhoard = 14.000 deg. Area (from zero heellZ

Heel Analysis showing .284°(20,7071bs) = 5,881 ft-lbs of RM available at 14 deg with pre 1989 Canopy
(if sched 40 steel pipe)

[llustration #3

Waolpht LongArm
] it

Cighship 11622 72,350
canopy 1503 ' 7] '-23.350,
canopy-pra 1309 schod 40 6t 103t 23350
canopy-pro 1569 14 ga awn p-p[:“‘i__"“"j 1515 -21.350.
canopy-pro 1889 sched 40 atu 0 625 21,350
hant 1 5340 -17.750
tant Wi (pasaengor load) 6720 -22.000°

Tau:chlg it zn:s: LCG=22.108 VEG-0.54 o ([
o < ,.,&g:gt m

7 § 10
Heel lo Starboard  deg.
Heel o Starboord = 14.000 deg.

Heel Analy51s showing 31A1 *(20,3911bs) = 6,342 fi-Ibs of RM avallable at 14 deg with pre 1989 Canopy
(if 14 gauge awning pipe)

[lustration #4



ftem tiame I Quandty ! Walght lﬂLnngAxm {
I [1§

Lightship 1622 22350
canopy -1369 1830 -23350
canopy-pre 1309 sched 40 st 1631 -23.350
canopy-pro 1303 14 ga awn pip 1515 23350
canopy-pro 1933 uchod 40 ale ms -23.350
jtuat sMp 0 7750
Hest wt (pasaenges load) 5720

19653

K 7.5 1
Hael to Starboard dag.
Hesl to Starboard = 14,000 deg Aren (fmm 2ero heel

(if alum sched 40 p1pe)

Ilustration #5
i&ia"“ nalinpatmee bt e = Bl g :

M\- ¥ 2 == s
Ham Nomu Quantity l Waight j LongAm r(lunltn'n -
bt 1

Lightship ez -21.263 5400
canopy -1585 W 23350 11350
canopry-pee 1989 sched 40 o 1831 232350 12.250
canopy-pre 1589 44 ga vwn pip 1545 23350 tz,nan'_
canopy-pre 4203 schod 40 alu 1025 23350 R
ho | EMD -17.750 1000
fest wt {pesaanger load) 6720 -22.000 8.500°
. Tetst Welght= 10676 LCG+22.661 VCG-6.435 !

5 75 10
Heal {o Starboard dag.
Mool {o Starboard = 14.000 deg.

ey

Heel kAnalyms showmg 447 (1 8 8761bs) . 8 438 Pt~Ibs of RM available at 14 deg with no Canopy weight.



Table 2

Summary of vessel stability requirements to meet standard and characterlstics at Simplified Stability Test
Loading at 14° with various canopy configurations.

VCG ft| RA ft | Disp lbs | RM USCG Req No. of Pass.
filbs RM filbs allowed by standard

post 89 canopy 6.89 297 120,806 |6,179 1-,565 : 0

pre ‘89 canopy if sched 40 | 6.95 284 120,707 |5,881 | 15,166 0

st pipe v

pre ‘89 canopy if 14 ga 6.85 |.311 | 20,391 |6,342 15,166 0

awning pipe

pre ‘89 canopy if alum pipe| 6.67 | .363 | 19,659 |7,136 15,166 0

pre ‘89 canopy if no weight| 6.55 447 | 18,876 | 8,438 15,166 0

The raw data used in this analysis are supported as follows:

1) Weights of canopies are calculated as shown on attached spreadsheet. Length of pre ‘89 canopy pipe
was taken from attached photograph. Most likely material, according to canopy professionals, is either
sched 40 pipe considering early 1970’s time frame or 14 ga. awning pipe. Size of pipe was estimated by

comparison to existing features in the photograph.

canopies.

Windows were assumed to be similar for both

2) USCG Simplified Stability Test required moment is taken from Oct 5 05 stability test document (pg 4)
of ETHAN ALLEN sistership DeCHAMPLAIN for post ‘89 canopy. Moment for pre ‘89 configuration is
taken by adding one foot of additional height to post ‘89 canopy. Attached photographs and dimensions
illustrate height difference of at least 1°. :

3) Each Illustrated RM @ 14° Heel Analysis was based on vessel hghtshlp characterlstics taken from
inclining. Loading condition for each analysis was adjusted for change to various possible canopy
configurations. Tankage and passenger weights were included to sunulate Simplified Stability Test

condition.




Figure 2
Photo of Original Canopy showing area from which known and scaled dimensions were developed.

Figure 3
Sketch of Current Canopy showing area from which known and scaled dimensions were developed.

Figure 4
Pre 1989 photo showing known and scaled canopy dimensions.






Figure 5
Post 1989 sketch showing known and scaled canopy dimensions.
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Figure 6
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SCARANO BOAT BUILDING, INC.

May 5, 2006

Modified page 2 bar chart from “Effects of Various Canopy Configurations on Vessel ETHAN
ALLEN’s Ability to Satisfy USCG Stability Standard” using JMS model. Supporting analysis.
showing the max GZ at various configurations is also shown below.

The below demonstrates that no significant difference in the relative effects of the canopy
modification exist between the SBI or JMS models.

Effect of Canopy Modification on Vessel Having Actual and Required Stability

18000 -

16000 -
15166 =&
14000

12656
12000 -

10000 -

‘B Original |
| B Modified

8000 -

RM (Ft-Lbs)

6000

4000 -

2000 -

ilf steel S40  If steel 14ga  If Alum S4q [lf steel 340 ifsteel 14 ga If Alum 840!

Actual Vessel If Original Vessel Met Standard

PORT ROAD PORT OF ALBANY « ALBANY, NEW YORK = 12202
PHONE: 518463-3401 » FAX: 518 463-3403
EMAIL: INFO@SCARANOBOAT.COM



Illustration #1 From JMS Model (matches 18,000 ftlb pgl1 figure 5 of JMS Report)

Also note loading is matched to steel, aluminum, and wood canopy VCGs shown on pg B-2 and
that heeling moments can be matched to Fig. 5 and 6 on pgs 11 and 12 of JMS report

Quamﬁyl Weigh{t Long.Arm| Vertdrm | TramsAmm |
ib jid 7 ®
Lightship 1 10484 19.600 4.810 4.000
canepy -198% 1 1830 23.000 16.800 0.000
canopy-pre 1989 sched 40 st ] 183 23.000 11.700 £.000
sanopy-pre 1983 14 gs swn pips @ 1518 23.000 11708 0.000
sanopy-pre 1988 sched 40 slum g 78258 23.000 11.700 2.000

nging 1 1128 24.000 3000 6,000
fuel 1 500.0 16.000 2500 0.000
test wh (passenger load) 1 8720 16.000 §.125 4.000

" battast 1 1458 12.000 1750 $.000

hypothetical additienal ballast 8 3000

057
0.457
L R bt I hhE b Ryt e Pl
0,381
N 002%-
e 025
Pl S
© 018
0.1
0051 e !
G ; ;
— 0% 3 3 12
Heel io Slarboard  deg.
GZ= 03118 Heei io Starboard = 14.022 deg. Area {from zero heel} = 2831 § deg.

Heel Analysis showing .32(21909) = 6,791 ft-lIbs with post 89 Canopy

Ilustration #1 From JMS Model

ft

Lightship

canopy -1969

canopy-pre 1989 sched 40 st
canopy-pre 1969 14 gs awn pips
canopy-pre 1989 sched 490 alum
engine

fusl

tast wt {passenger load)

ballast

_{hwpothetical additional ballast

0
g
1
1
1
1

g
Total W

1830
1831
1515
7825
1120
500.0
a720
1158
3600

19 600
23000
23.000
23.000
23000
24 000
16.000
15.600
12600
12.000

4.810
10.800
11708
11700
e

3.008

2500

8125

1750

1000

21810 LCG=18.46 VCG=6.150 TCG=0.000

[Toadease? f 4

4] 4

12 16

g 20 dero pt.
Heel to Starboard deg.
GZ= 0291 Heel fo Starboard = 14.022 deg. Area {fromzerchesl)= 2543 1 deg

Heel Analysis showing .298(21810) = 6,499 fi-1bs of RM available at 14 deg with pre 1989 canopy
(if sched 40 steel pipe)



Hlvustration #3 From JMS Model

item Hame elgl g-Arm
b #

1 Lighiship 1 10484 19.500 4910 0.000
2 canopy 1559 2 1930 23.000 10.500 0.000
3 canopy-pre 18848 sched 40 st g 1831 23000 11700 0.000
4 canopy-pre 198% 14 ge awm pipe 1 1815 23000 11700 2.000
] canopy-pre 1989 sched 40 slum b 723 23.000 11700 0.060
5 enging 1 20 24000 3.000 0.000
7 fusl 1 500.0 16.000 2.500 G.000
§ tesi wi passenger load) 1 5720 18.000 6125 0.000
9 baflast 1 1166 12.000 1.750 0.000
hypothstical additional ballast g 3000 12.000 1.000 0.0600

Jotal W 21494 10G=18.40 VCG-6.068 TCG=0.000

05
0.457
0.4
035
= (.37
o 02
© o5t
G
0.051
O
4 ‘Q.GGQ )
Heel fo Starboard  deg.
GZ= 03181 Heel to Starboard = 14.049 deg. Area {from zero heel) = 2707 fi. deg.

Zero ph.

Heel Analysis showing .318(21,494) = 6,835 fi-lbs of RM available at 14 deg with pre 1989

canopy (if 14 guage awning pipe)

[Hustration #4 From JMS Model

Weight| Long.Arm| Vertirm | Yrans.Amm
B # i .3

Lightship 10484 19.500
canapy -1989 1930 23.000
canopy-pre 1969 sched 40 st 1831 23.000
canopy-pre 1988 14 ga v pipe 1815 23.000

canopy-pre 1989 sched 40 slum 7825 23.000
snging 112 24.006
fuel 500.0 15.000
tast wi {passenger load) 6720 16.000
ballast 1158 12.000
hypotheticsl additions! ballast 3000 12.000

4.91 G000
19.800 0.000
11700 0.500
11700 0.000
11.708 0.000

3.000 0.600

2500 0.000

8.125 9.900

1750 0000

1.000 0.660

20762 LCG=15.24 VCG=5.870 TCG=0.000

+

e 4

GZ= 03661 Heel fo Starboard = 14.043 deg.

8
Heel to Starboard  deg.

12 16

Area (from zero hgel) =

30751 deg.

Heel Analysis showing .366(20762) = 7,599 ft-lbs of RM available at 14 deg with pre 1989

canopy (if sched 40 aluminum)

doro pk.




[Hustration #5 From JMS Model

BEEBE % %%%5% 008

hem Hame

Quantity] Weight| LongArm| Vertdrm | Tras
ih # L3

O o

Q@ EHBEO0R&E 8

nsArm
#

Lightship

canopy -1988

canapy-pre 1989 sched 40 st
canopy-pre 1989 14 g8 sen pipe
canopy-pre 1989 sched 40 alum
enging

fue!

test v ipessenger lpad)

ballast

hypothstical additions! ballast

10484

1930

1831

1515

7825

1120

5000

e
1 1155

2 3000
Total W

19979 LCG=18.05

18500
23000
23900
23.000
23.000
24 060
16.000
15.960
12.000
12.000

¥CG=5.541

4910
10.800
11700
11700
11700

3.000

2.500

5128

1750

1800

£.000
4.000
0.000
0.000
0.000
0.000
a.080
£.000
0000
8.000

FCG=0.000

GZ= 0418

12

Heel fo Starboard deg.

Heos! o Slarboard = 14.048 deg.

Area (from zero heel) =

3.481 . deg.

Heel Analysis showing .419(19979) = 8371.2 ft-lbs of RM available at 14 deg with no canopy.

Hlustration #6 From JMS Model showing passenger weight .125” above the deck (sandbags?)

item Neme Qﬂarﬁ:tg] We&ght] Longdrm| Vertirm ] Trans.Arm
ih ft # #

Lightship 1 10484 19.500 4910 D060

canopy -1989 g 1930 23.000 10.800 2.000
canopy-pre 1989 sched 40 st Q 1831 23.000 11700 0.000
canopy-pig 1989 14 ga swn pips a 1515 23.900 11.760 £.000
canopy-pre 1989 sched 40 alum 0 7828 23.000 11.700 0.000

engine 1 1120 24,000 3.000 0.900

fust 1 5000 16000 2.500 2.000

o5t vl {passenger load} 3 §720 15.000 9.000

baltzst 1 1155 12.000 1750 0.000

0 hypothetics! additiona! ballast i 3000 12.800 1.000 4.060
1 Towal W 19979 LCG=18.05 VCG=4.36% TCG=0.000

{Loadcase? J] 4
o

e 4

GZ= 0583t

8 12
Hee! io Slarboard  deg.
Hee!l fo Starboard = 14.04% deg.

18

Arsa (from zero heel} =

4,837 ft. deg.

20

dero pk.

Heel Analysis showing .583(19979) = 11,647 ft-Ibs of RM available at 14 deg with no canopy.
So it would maybe just pass with top of sandbags 3 off the deck as requirement is 11,659 fi-lbs.



